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(54) Method and apparatus for supplying coolant in a grinding machine 



(57) In a method and an apparatus for supplying 
coolant in a grinding machine while the grinding 
machine (1, 90) grinds, a cooling nozzle (37) and a 
cleaning nozzle (38) are mounted on a moving member 
(61), and the moving member (61) is moved in a direc- 
tion identical with a first normal line (K2), relative to the 
grinding wheel (8), at a first predetermined angle (01) 
away from a reference straight line (K1) perpendicular 
to an axis (CL) of a main spindle. The reference straight 
line (K1) passes through a grinding point (P1). Accord- 
ingly, the cooling nozzle (37) injects the coolant (La) 
with an injecting outlet port (34) directed in a direction of 
a tangential line (K3), of the grinding wheel (8), passing 
through the grinding point (P1). The cleaning nozzle 
(38) injects the coolant (Lb) with an injecting outlet port 
(36) directed in a direction of a normal line (K4) relative 
to the grinding wheel (8). 
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Description 

[0001] The present invention relates to a method 
and an apparatus for supplying coolant in a grinding 
machine, during grinding a workpiece by rotating a 
grinding wheel, and more particularly to the method and 
the apparatus for supplying the coolant while the grind- 
ing machine performs a creep feed grinding. 
[0002] In a grinding machine, a main spindle is 
rotated for grinding a workpiece with a grinding wheel 
under the condition that the grinding wheel is mounted 
on the main spindle movable relative to the workpiece. 
A coolant supply apparatus for supplying coolant (cut- 
ting fluid, grinding fluid, and the like) is provided in the 
grinding machine. 

[0003] The coolant supply apparatus injects the 
coolant for cooling a grinding point at which the grinding 
wheel grinds the workpiece, and the coolant cools down 
the vicinity of the grinding point to thereby prevent a 
heat generation while the grinding machine grinds. 
[0004] It is ideal that the coolant is injected in a tan- 
gential direction at the grinding point. However, unlike 
another tool in other machine tools, a diameter of the 
grinding wheel for grinding the workpiece is gradually 
decreased by wearing and dressing of the grinding 
wheel as the working for grinding the workpiece is 
advanced. 

[0005] Accordingly, when a nozzle is mounted on a 
cover of a grinding wheel and the coolant for cooling the 
grinding point is injected in a direction of a tangential 
line of the grinding wheel as in a surface grinding 
machine, the coolant does not come to impinge against 
the grinding wheel as the diameter of the grinding wheel 
is gradually decreased. 

[0006] Accordingly, there is a conventional techni- 
cal approach that a nozzle is provided in advance at a 
predetermined position in a direction slightly slanted rel- 
ative to the tangential line and the coolant is injected by 
the nozzle to cool only the vicinity of the grinding point. 
[0007] Also, in order to prevent the loading chips on 
the grinding wheel, it is preferable that the coolant for 
cleaning is injected on a periphery of the grinding 
wheel. Therefore, there is also a technical approach 
that the coolant is injected onto a periphery at an inter- 
mediate portion between the grinding point and the 
cleaning position of the grinding wheel so that a cooling 
operation of the grinding point and a cleaning operation 
of the grinding wheel may be simultaneously performed 
by a single nozzle. 

[0008] By the way, in order to stably grind, it is one 
of the important factors to always sufficiently supply the 
coolant at least to the grinding point without failure while 
the grinding wheel grinds. 

[0009] While the grinding machine performs the 
creep feed grinding; a cutting amount of the grinding 
wheel to the workpiece is increased and the grinding 
wheel is moved at a low speed to grind a profile Of the 
workpiece. and the like. In particular, in the case in 



which the creep feed grinding is carried out, in compar- 
ison with a traverse grinding or the like it is important to 
sufficiently supply the coolant without failure while the 
grinding machine grinds. 

5 [0010] However, in case of the above-described 
prior art for cooling down only the vicinity of the grinding 
point, since it is impossible to prevent the loading chips 
on the grinding wheel, there is a fear that it comes to be 
difficult to perform the creep feed grinding. Namely, a 

w grinding burn occurs on a surface, to be ground, of the 
workpiece and a grinding force is increased, disadvan- 
tageously. 

[0011] Also in case of the above-described prior art 
for simultaneously performing the cooling operation of 

is the grinding point and the cleaning operation of the 
grinding wheel with the single nozzle, there is a ten- 
dency that the cooling of the grinding point with the cool- 
ant gets to be insufficient. It is preferable that the 
coolant for cleaning is injected in a direction (i.e., normal 

20 line direction) perpendicular to the periphery (grinding 
circumferential surface) of the grinding wheel. 
[0012] However, in case of the above-described 
prior art, there is a fear that an injecting direction of the 
coolant for cleaning is remarkably shifted from the nor- 

25 mal line relative to the periphery of the grinding wheel 
and as a result a cleaning effect of the coolant gets to be 
degraded. Namely, also in this prior art, it is impossible 
to prevent the grinding burn and the increasing of the 
grinding force. 

30 [0013] In another piece of the prior art, a nozzle is 
provided on a tip end of an arm of a robot fixed to a 
machine body and the arm is moved in a desired direc- 
tion to supply the coolant. However, in this case, a mov- 
able range of the arm is restricted. For this reason, 

35 depending upon the relationship a shape of the work- 
piece to the grinding point positioned between the grind- 
ing wheel and the workpiece. the arm cannot reach the 
vicinity of the grinding point thereby to be unable to 
inject the coolant without failure. 

40 [0014] Thus, if the sufficient amount of coolant were 
not supplied to the periphery of the grinding wheel and 
the grinding point, the grinding comes to be instable and 
the damage of the grinding wheel occurs and it 
becomes to be difficult to favorably grind the workpiece. 

45 [0015] In order to overcome the above-noted 
defects, an object of the present invention is to provide 
a method and an apparatus for supplying coolant in a 
grinding machine in which, even if a diameter of a grind- 
ing wheel of the grinding machine is changed, the cool- 

50 ant is always injected along a tangential line of the 
grinding wheel to a grinding point at which the grinding 
wheel grinds a workpiece and is always injected, sub- 
stantially in a direction perpendicular to a periphery of 
the grinding wheel, to the periphery away from the 

55 grinding point to thereby make it possible to continu- 
ously and stably grind. 

[0016] In order to attain these and other objects, 
according to the present invention, there is provided a 
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method for supplying coolant in a grinding machine, 
while the grinding machine grinds, which grinds a work- 
piece by rotating a grinding wheel mounted on a main 
spindle and by relatively moving the workpiece and the 
grinding wheel along at least three mutually transverse 5 
axes including a direction parallel with an axis of the 
main spindle, the method comprising the following steps 
of: mounting on a moving member at least one first noz- 
zle, for cooling a grinding point at which the grinding 
wheel grinds the workpiece, and at least one second to 
nozzle sfor cleaning a periphery of the, grinding wheel; 
and moving the moving member in a direction substan- 
tially identical with a first normal line, relative to the 
grinding wheel, which is positioned at a first predeter- 
mined angle away from a reference straight line passing 15 
through the grinding point and being perpendicular to 
the axis of the main spindle, whereby the first nozzle 
injects the coolant with an injecting outlet port directed 
in a direction substantially identical with a tangential 
line, of the grinding wheel, passing through the grinding 20 
point, and the second nozzle injects the coolant with an 
injecting outlet port directed in a direction substantially 
identical with a normal line relative to the grinding 
wheel. 

[0017] It is preferable that the moving member is 25 
movable in correspondence with a changing diameter of 
the grinding wheel, and while the diameter of the grind- 
. ing wheel is changing, the injecting outlet port of the first 
nozzle is always directed in the direction substantially 
identical with the tangential line, of the grinding wheel, 30 
passing through the grinding point, and the injecting 
outlet port ofthe second nozzle is always directed in the 
direction substantially identical with the normal line rel- 
ative to the grinding wheel. 

[0018] Preferably, the moving member is movable in 35 
a direction parallel with the axis of the. main spindle. The 
moving member swivels round the axis of the main spin- 
dle. 

[0019] It is preferable ;that the first, nozzle and the 
second nozzle are mounted on. a single supporting -to 
member which is detachably mounted on the moving 
member. 

[0020] Preferably, the supporting member is possi- 
ble to be changed for another supporting member, at 
least one first nozzle and at least one second nozzle are 45 
respectively mounted on the last-mentioned other sup- 
porting member at counter positions to the mounting 
positions of the first nozzle and the second nozzle on 
the first-mentioned supporting member, and the other 
supporting member is detachably mounted on the mov- so 
ing member. 

[0021] Also, it is preferable that, after the moving 
member is operatively swivelled round the axis of the 
main spindle so that the moving member is moved to a 
position of a second normal line, relative to the grinding 55 
wheel, which is opposite to the position of the first nor- 
mal line relative to the reference straight line and is posi- 
tioned at a second predetermined angle away from the 



reference straight line, the moving member is moved in 
a direction substantially identical with the second nor- 
mal line, whereby the first nozzle in the counter position 
injects the coolant with an injecting outlet port directed 
in a direction substantially identical with a tangential 
line, of the grinding wheel, passing through the grinding 
point, and the second nozzle in the counter position 
injects the coolant with an injecting outlet port directed 
in a direction substantially identical with a normal line 
relative to the grinding wheel. 

[0022] Preferably, the first predetermined angle is 
selected from a range of 15 to 50 degrees. 
[0023] It is preferable that the coolant having a pre- 
determined pressure at a predetermined flow rate is 
supplied to the first nozzle for cooling the grinding point, 
and the coolant having a higher pressure than the pre- 
determined pressure is supplied for cleaning to the sec- 
ond nozzle at a smaller flow rate than the 
predetermined flow rate. 

[0024] It is preferable that the moving member 
makes a motion for always maintaining the same pos- 
ture along a predetermined plain including the axis of 
the main spindle. 

[0025] Preferably, the grinding machine comprises 
a dresser supporting member which rotatably supports 
at least one dresser for dressing the grinding wheel, the 
dresser supporting member is relatively movable to the 
main spindle in at least one direction perpendicular to 
the axis of the main spindle, wherein the grinding 
machine , is able to grind with continuous dressing in 
which an operation of dressing the grinding wheel with 
the dresser and an operation of grinding the workpiece 
with the grinding wheel are simultaneously performed, 
wherein the coolant is injected in, the direction substan- 
tially identical with the tangential line while the grinding 
machine grinds with continuous dressing, and the cool- 
ant is injected in the direction substantially identical with 
the normal line while the grinding machine grinds with 
continuous dressing. 

[0026] In order to attain the above described 
objects, according to the present invention, there is pro- 
vided an apparatus for supplying coolant in a grinding 
machine which grinds a workpiece by rotating a grinding 
wheel mounted on a main spindle and by relatively mov- 
ing the workpiece and the grinding wheel along at least 
three mutually transverse axes including a direction par- 
allel with an axis of the main spindle, the apparatus 
comprising: a moving member provided on a spindle 
head for rotatably supporting the main spindle, the mov- 
ing member being movable in a plain perpendicular to at 
least the axis of the main spindle relative to the grinding 
wheel; at least one first nozzle provided on the moving 
member with an injecting outlet port directed in a direc- 
tion substantially identical with a tangential line, of the 
grinding wheel, passing through a grinding point, for 
cooling the grinding point at which the grinding wheel 
grinds the workpiece; at least one second nozzle pro- 
vided on the moving member with an injecting outlet 
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port directed in a direction substantially identical with a 
normal line relative to the grinding wheel, for cleaning a 
periphery of the grinding wheel; and a nozzle moving 
controller for controlling the movement of the moving 
member in a direction substantially identical with a first 
normal line, relative to the grinding wheel, which is posi- 
tioned at a first predetermined angle away from a refer- 
ence straight line passing through the grinding point, the 
reference straight line being perpendicular to the axis of 
the main spindle. 

[0027] Preferably, a nozzle supporting device hav- 
ing the moving member is mounted on the spindle head, 
and the nozzle supporting device has a mechanism for 
moving the moving member in a direction parallel with 
the axis of the main spindle. The mechanism for moving 
the moving member in a direction parallel with the axis 
of the main spindle comprises an arm swinging mecha- 
nism and a parallel link mechanism, and the moving 
member makes a motion for always maintaining the 
same posture along a predetermined plain including the 
axis of the main spindle. 

[0028] It is preferable that a swiveling sleeve is fitted 
around the spindle head to be able to swivel round the 
main spindle so as to center the axis of the main spin- 
dle, and a nozzle supporting device having the moving 
member, is mounted on the swiveling sleeve, wherein, 
when a driving motor is driven so that the swiveling 
sleeve makes a swiveling motion, the moving member is 
swivelled round the main spindle so as to center the axis 
of the main spindle. 

[0029] In another embodiment, there is provided an 
apparatus for supplying coolant in a grinding machine 
which grinds a workpiece by rotating a grinding wheel 
mounted on a main spindle and by relatively moving the 
workpiece and the grinding wheel along at least three 
mutually transverse axes including a direction parallel 
with an axis of the main spindle, a dresser supporting 
member for rotatably supporting at least one dresser for 
dressing the grinding wheel being moved relative to the 
main spindle in at least one direction perpendicular to 
the axis of the main spindle, the apparatus comprising: 
at least one cooling nozzle provided for cooling a grind- 
ing point at which the grinding .wheel grinds the work- 
piece, the cooling nozzle injecting the coolant with an 
injecting outlet port always directed in a direction sub- 
stantially identical with a tangential line, of the grinding 
wheel, passing through the grinding point; a moving unit 
for moving in an opposite direction to a moving direction 
of the dresser supporting member and for moving with 
the same moving amount as that of the dresser support- 
ing member; and at least one auxiliary cooling nozzle 
for cooling the grinding point with an assistance, the 
auxiliary cooling nozzle being provided on the moving 
unit and being located at a position facing the cooling 
nozzle, wherein an injecting outlet port. of the auxiliary 
cooling nozzte is always directed in the direction sub- 
stantially identical with the tangential, line, of the grind- 
ing wheel, passing through the grinding point, and 



injects the coolant to the grinding point from a substan- 
tially opposite direction to the cooling nozzle. 
[0030] Preferably, the apparatus for supplying cool- 
ant further comprising a cleaning nozzle, wherein an 
5 injecting outlet port of the cleaning nozzle is always 
directed in the direction substantially identical with the 
normal line of the grinding wheel, so that the injecting 
outlet port of the cleaning nozzle injects the coolant to a 
periphery of the grinding wheel. 
io [0031] With the above-described structure accord- 
ing to the present invention, even if the diameter of the 
• grinding wheel of the grinding machine is changed, a 
sufficient amount coolant is injected at least to the grind- 
ing point without failure to thereby continuously and sta- 
rs bly grind. Namely, there is no fear of the grinding burn of 
the workpiece and is no fear of the increasing of the 
grinding force. Also, it is possible to prolong a tool life of 
the grinding wheel. 

[0032] The invention is now explained in detail in 
20 connection with the attached drawings. 

[0033] Figs. 1 to 6A and Fig. 6B are views showing 
a first embodiment of the present invention; 

Fig. 1 is a perspective view showing a grinding 

25 machine; 

Fig. 2 is a right side view showing a schematic 
structure of a primary part of the grinding machine; 
Fig. 3 is a schematic structural view showing a cool- 
ant supply apparatus mounted on the grinding 

30 machine; 

Fig. 4A is a schematic structural view showing a link 
mechanism of a nozzle supporting device; 
Fig. 4B is a schematic structural view showing an 
operation of the nozzle supporting device; 

35 Fig. 5 is a schematic structural view showing a con- 
. dition that a coolant is supplied; 
Fig. 6A is a view taken along a line VI of Fig. 5 and 
shows a clamping condition; 

Fig. 6B is a view taken along the line VI of Fig. 5 
40 and shows an unclamping condition; 

Figs. 7 to 9 show a second embodiment of the 

present invention; Fig. 7 is a left side view showing 

a schematic structure of a grinding machine; 

Fig. 8 is an enlarged view as viewed in a direction 
45 VIII of Fig. 7; and 

Fig. 9 is a view as viewed in a direction IX-IX of Fig. 

7. 

[0034] As shown in Figs. 1 and 2, in the grinding 
50 machine 1, a column 4 is provided on a bed 3 to be 
movable in a horizontal direction, and a spindle head 5 
is provided on the column 4 to be movable in a vertical 
direction. 

[0035] A main spindle 6 is rotatably supported to 
55 the. spindle head 5. The main spindle 6 is drivingly 
rotated by a main spindle motor (hot shown). A grinding 
wheel 8 to be used as a tool for grinding a workpiece 7 
is detachably mounted at a front end portion of the main 
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spindle 6. 

[0036] A well known tool clamping and unclamping 
mechanism which detachably mounts, on a spindle 
nose, a tool (i.e. grinding wheel), such as a tool having 
a 8T tool shank (7/24 Taper tool shank) and a two sur- 
face restricted tool such as an HSK (Hohl Schaft Kegel) 
tool, is provided on the main spindle 6. The grinding 
wheej 8 is clamped to or undamped from the main spin- 
dle 6 by the tool clamping and unclamping mechanism. 
[0037J Incidentally, it is assumed that a Z-axis direc- 
tion is a direction parallel with an axis of the main spin- 
dle 6, and an X-axis direction (an axis in the horizontal 
direction) and a Y-axis direction (an axis in the vertical 
direction) are axis directions for intersecting to the Z- 
axis respectively and for constituting a perpendicular 
coordinate system. 

[0038] A pair of parallel guide rails (for an X-axis 
guideway) 25 are provided in the X-axis direction on a 
top surface of the bed 3. The column 4 is disposed to be 
movable in the X-axis direction along the two guide rails 
25. The X-axis guideway for guiding the column 4 may 
be selected from a rolling guide, a plain bearing guide- 
way, and the like. 

[0039] The column 4 is moved to-and-fro in the X- 
axis direction on the bed 3 by an X-axis servomotor 
through an X-axis ball screw (not shown). 
[0040]. The spindle head 5 is composed of a head 
body portion 30 supported movably to the column 4 and 
a nose'portion 31 projecting in the Z-axis direction from 
the head body portion 30. A pair of guide rails (for a Y- 
axis guideway) 32 which are parallel with each other are 
provided in the Y-axis direction on the column 4. The 
head body portion 30 is moved in the Y-axis direction by 
a guidance of the guide rails 32. The Y-axis guideway for 
guiding the spindle head 5 may be selected from a roll- 
ing guide, a plain bearing guideway, and the like. 
[0041] A screw shaft 33 of a Y-axis ball screw is dis- 
posed in the Y-axis direction parallel with the guide rails 
32. A nut (not shown) fixed to the head body portion 30 
is screwed on the screw shaft 33. 

[0042] The screw shaft 33 is drivingly rotated in for- 
ward and backward directions by a Y-axis servomotor 
35 mounted on a top portion of the column 4. When the 
screw shaft 33 is drivingly rotated by the Y-axis servo- 
motor 35, the spindle head 5 is guided by the guide rails 
32 through the nut and is moved to-and-fro in the Y-axis 
direction. 

[0043] A pair of guide rails (for a Z-axis guideway) 
26 are provided in parallel with each other in the Z-axis 
direction on the top surface of the bed 3. A table device 
13 is disposed movably in the Z-axis direction on the 
two guide rails 26. The Z-axis guideway for guiding the 
table device 13 may be selected from a rolling guide, a 
plain bearing guideway, and the like. 
[0044] When a Z-axis servomotor (not shown) is 
driven, the table device 13 is guided by the guide rails 
26 through a ball screw (not shown) and is moved to- 
and-fro in the Z-axis direction. 



[0045] The table device 13 has a table 13a. The 
table 13a is provided to be rotatable and indexical along 
a B-axis (direction round the Y-axis) to thereby rotate 
and index the workpiece 7 round the B-axis. 

5 [0046] An index head 27 is provided to be rotatable 
and indexical along an A-axis (direction round horizon- 
tal axis perpendicular to the B-axis) on a top surface of 
the table 13a. The index head 27 detachably supports 
the workpiece 7 through a fixture 28 and may rotate and 

w index the workpiece 7 round the A-axis. 

[0047] Incidentally, the explanation has been given 
to the grinding machine 1 in which the movement in the 
X-axis direction is done by the movement of the column 

• 4, the movement in the Y-axis direction is done by the 
15 movement of the spindle head 5 and the movement in 

the Z-axis direction is done by the movement of the 
table device 13. However, the applicable system is not 
limited thereto or thereby. 

[0048] Namely, it is sufficient to use a grinding 
20 machine in which the grinding wheel 8 mounted on the 
main spindle is rotated and the workpiece 7 and the 
grinding wheel 8 may be moved relative to each other 
along at least three mutually transverse axes including a 
direction parallel with the main spindle axis to thereby 
25 grind the workpiece 7. 

[0049] A tool magazine 15 receiving a single or a 
plurality of grinding wheels 8 is provided on a side of the 
bed 3. An automatic tool changer (hereinafter referred 
to as an ATC) 14 is provided on a body of the tool mag- 
30 azine15. 

[0050] The ATC 14 has a twin-arm type tool chang- 
ing arm 16. The tool changing operation is performed 
between the main spindle 6 and the tool magazine 15 
by the tool changing arm 16. 

35 [0051] The tool changing arm 16 detachably grips 
the grinding wheels 8 with one gripping portion 17 and 
the other gripping portion 18, respectively. Then, the 
gripping portions 17 and 18 perform a swiveling opera- 
tion round a swivel shaft (not shown) of the tool chang- 

40' ing arm 16 and an advance and retract movement 
operation in an axial direction of the swivel shaft to 
thereby attain the changing operation of the grinding 
wheels 8 to the main spindle 6 and receiving recepta- 
cles of the tool magazine 15. • 

45 [0052] The grinding wheel 8, mounted on the main 
spindle 6 by the ATC 14, and the workpiece 7 on the 
table 13a are relatively moved along three mutually 
transverse axes (X, Y. Z) including a .direction parallel 
with a center axis (hereinafter referred to as a main 

so spindle axis) CL of the main spindle 6, and/or are 
rotated round the A-axis and B-axis! At the same time, 
the main spindle 6 is drivingly rotated, so that the work- 
piece 7 is ground by the rotating grinding wheel 8. An 
area for grinding is covered by a telescopic type cover 

55 -19 (see Fig. 3), a splash guard (not shown), and the like. 
[0053] A coolant supply unit 22 is provided in the 

• vicinity of a machine body of the grinding machine 1. 
The coolant supply- unit 22'is provided with a reservoir 
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for reserving the coolant, a pump for supplying the cool- 
ant La and Lb at a predetermined pressure and at a pre- 
determined flow rate, and other equipments. 
[0054] While the grinding machine 1 grinds, the 
coolant supply unit 22 supplies the coolant La having a 
predetermined pressure at a predetermined flow rate to 
a grinding point (i.e. grinding position) P1 at which the 
grinding wheel 8 grinds the workpiece 7, thereby simul- 
taneously performing a cooling operation and a remov- 
ing operation of grinding chips (grinding debris). 
[0055] Also, the coolant supply unit 22 supplies the 
coolant Lb for cleaning to a periphery (grinding circum- 
ferential surface) of the grinding wheel 8 while the grind- 
ing machine 1 grinds, thereby removing the grinding 
chips which cause the loading chips on the periphery of 
the grinding wheel 8. The coolant Lb is supplied at a 
higher pressure and at a smaller flow rate than the pre- 
determined pressure and the predetermined flow rate of 
the coolant La. 

[0056] A nozzle supporting device 21 is mounted 
on the spindle head 5. The coolant La and Lb -are sup- 
plied to predetermined positions by the nozzle support- 
ing device 21 moving a cooling nozzle 37 and a 
cleaning nozzle 38 (see Fig. 3). 

[O057] A continuous dressing device 10 of the 
grinding machine 1 will now be described. 
[0058] The continuous dressing device 10 for con- 
tinuously dressing the grinding wheel 8 during grinding 
is provided to be movable with the guidance of the guide 
rails 32. Namely, a dressing device body 11 of this con- 
tinuous dressing device 10 is provided on the column 4 
to be relatively movable to the spindle head 5 in the Y- 
axis direction and is provided separately away from the 
spindle head 5. 

[O059] A dresser supporting member 45 is provided 
on the dressing device body 11 so as to be relatively 
movable to the dressing device body 11 in at least Y- 
axis direction perpendicular to the direction of the main 
spindle axis CL. At least one dresser (dressing tool) 12 
rotatably supported to the dresser supporting member 
45 is rotated to thereby dress the grinding wheel 8. 
[0060] .While the grinding machine 1 grinds with 
continuous dressing, an operation of dressing the grind- 
ing wheel 8 with the dresser 12 and an operation of 
grinding the workpiece 7 with the grinding wheel 8 are 
simultaneously performed. While the grinding machine 
1 grinds with continuous dressing, the dressing device 
body 11 is moved to a dressing position at which the 
dresser 1 2 may dress the grinding wheel 8 in the vicinity 
of the spindle head 5; Thus, the workpiece 7 is ground 
by the grinding wheel 8 while the grinding wheel 8 is 
dressed by the dresser. 12. 

[0061] On the other hand, -while the grinding 
machine 1 normally grinds except for the grinding with 
continuous dressing, the dressing device body 11 is 
positively largely separated away from the spindle head 
5 and is moved to a retracted position in which the work- 
piece 7 and the continuous dressing device 10 do not 



interfere with each other. Thus, the grinding wheel 8 is 
moved in a circumference of the workpiece 7 as desired 
relative thereto, so that the grinding wheel 8 may grind 
the workpiece 7. 

5 [0062] The dresser supporting member 45 which is 
movable to-and-fro with a dresser-axis servomotor 47 is 
provided on the dressing device body 11. A pair of guide 
rails (for a V-axis guideway) 44 are mounted in parallel 
on the dressing device body 1 1 in a V-axis direction par- 

w allel with the Y-axis direction. The dresser supporting 
member 45 is moved in the V-axis direction by the guid- 
ance of the two guide rails 44. The V-axis guideway for 
guiding the dresser supporting member 45 . may be 
selected from a. rolling guide, a plain bearing guideway, 

. 15 and the like. 

[0063] A screw shaft 46 of a V-axis ball screw is pro- 
vided in parallel with the guide rails 44 between the two 
guide rails 44. A nut (not shown) fixed to the dresser 
supporting member 45 is screwed on the screw shaft 

20 46. 

[0064] The screw shaft 46 is drivingly rotated in a 
forward direction or a backward direction by the dresser- 
axis servomotor 47 mounted on the dressing device 
' body 1 1 . When the screw shaft 46 is drivingly rotated by 

25 the dresser-axis servomotor 47, the dresser supporting 
member 45 is moved to-and-fro in the V-axis direction 
through the nut while the dresser supporting member 
45 is guided by the guide rails 44. 
[0065] Since the dresser supporting member 45 is 

30 driven by the dresser-axis servomotor 47 and is moved 
in the V-axis direction relative to the spindle head 5, it is 
possible to dress the grinding wheel 8 by moving the 
dresser 12 inch by inch at a predetermined dimension. 
[0066] A motor 48 for drivingly rotating the dresser 

35 is incorporated in the dresser supporting member 45. 
The.dresser 12 has a center axis CL1 in a direction par- 
allel with the main spindle axis CL. In order to rotatably 
support the . shaft portion of the dresser 12 to the 
dresser supporting member 45, both end portions of the 

40 dresser 12 are rotatably supported by bearing devices 
49 and 50 incorporating therein bearings. The dresser 
.12 is drivingly rotated through pulleys 51 and 52 and a 
belt 53 by the dresser rotational driving motor 48. 
[0067] A detected portion 41 is provided on the 

45 dressing device body 11. When a first sensor S1 
mounted on the column 4 detects the detected portion 
41, it is thereby detected that the dressing device body 
1 1 is located in the retracted position. 
[0068] . In order to couple the spindle head 5 and the 

so dressing device body 11 with each other, a coupling and 
releasing means 54 is provided. The coupling and 
releasing means 54 performs a coupling and releasing 
operation through a clamping and unclamping mecha- 
nism (not shown) by a clamping and unclamping cylin- 

55 der device 59 mounted on the dressing device body 11. 
[0069] The coupling and releasing means 54 has a 
function to couple the spindle head 5 and the dressing 
device body 1 1 with each other while the grinding 
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machine 1 grinds with continuous dressing, and to 
release the coupling between the spindle head 5 and 
the dressing device body 1 1 while the grinding machine 
1 normally grinds. 

[0070] When the dressing device body 11 is main- 
tained to be coupled by the coupling and releasing 
means 54, the dressing device body 11 is controlled to 
be moved in the Y-axis direction together with the spin- 
dle head 5. A set of coupling and releasing means 54 
may be used, but preferably at least two sets' of coupling 
and releasing means 54 may be provided on the head 
body portion 30 or on the head body portion 30 and the 
nose portion 31 to thereby take a balance of load and 
dispersion of the load during coupling. 
[0071] A retainer means 55 has a cylinder device 
56 mounted on the column 4. The retainer means 55 
has a function to retain the dressing device body 11. to 
the column 4 at a predetermined retracted position, 
retracted largely away from the spindle head 5 while the 
grinding machine 1 normally grinds with the grinding 
wheel 8. 

[0072] A piston rod 58 of the cylinder device 56 
retains a retainer member 57 of the dressing device 
body 1 i , so that the dressing device body 1 1 is retained 
to the column 4 through the retainer means 55 in the 
above-described retracted position. 
[0073] . A detected portion 42- is mounted on the 
head body portion 30 of the spindle head 5. This 
detected portion 42 may be detected by second and 
third sensors S2 and S3 which are mounted on the col- 
umn 4. The second sensor S2 detects the fact that the 
spindle head 5 has been moved to an upper limit posi- 
tion. The third sensor S3 detects the fact that the spin- 
dle head 5 has been moved to a lower limit position. 
[0074] A direction for moving of the dressing device 
body 1 1 is a vertical direction. A counterbalance cylin- 
der 40 is provided between the column 4 and the dress- 
ing device body 1 1 for maintaining a weight balance of 
the continuous dressing device 10. A piston rod 39 of 
this counterbalance cylinder 40 is coupled with the 
dressing device body 11. 

[0075] Namely, the counterbalance cylinder 40 
always draws the dressing device body 11 in a direction 
in which the dressing device body 1 1 is raised at a load 
which may maintain substantially balance with the 
weight of the continuous dressing device 10. 
[0076J Thus, even if the spindle head 5 and the con- 
tinuous dressing device 10 are coupled with each other 
in one piece, a movement control may. be suitably car- 
ried out without imparting an extra load to the Y-axis ser- 
vomotor 35. 

[0077]. A coolant supply apparatus 60 for supplying 
the coolant La and Lb, while the grinding machine 1 
grinds, will next be described. 

[0078] As shown in Fig. 1 , Figs. 3 to 6A and Fig. 6B, 
the nozzle supporting device 21 has a moving member 
61 which is provided on the spindle head 5. At least one 
cooling, nozzle 37 to be used as a first nozzle and at 



least one cleaning nozzle 38 to be used as a second 
• nozzle are provided on the moving member 61. 

[0079] The cooling nozzle 37 is a nozzle for inject- 
ing the coolant La at a predetermined pressure (for 

5 example, 40 kgf/cm 2 , i.e.. 3.9x1 0 6 Pa) and at a prede- 
termined flow rate (for example. 0.25 m 3 /min) to the 
grinding point P1 at which the grinding wheel 8 and the 
workpiece 7 are brought into contact for the grinding. 
Incidentally, the coolant La may be positively and suffi- 

io ciently supplied to the grinding point P1 at the pressure 
and the flow rate at which a cooling of the vicinity of the 
grinding point P1 and a discharge of the grinding chips 
may be sufficiently performed. 

[0080] The cleaning nozzle 38 is a nozzle which 

15 injects the coolant Lb to a periphery 8a of the grinding 
wheel 8 at a predetermined pressure and at a predeter- 
mined flow rate for cleaning. This cleaning prevents 
from loading the grinding chips on a grinding wheel cir- 
cumferential surface as the periphery 8a. 

20 [0081] In order to prevent the loading chips on the 
periphery of the grinding wheel, it is sufficient to supply 
the coolant Lb at a higher pressure than that of the cool- 
ant La and at a smaller flow rate than that of the coolant 
La. Namely, the coolant Lb may have a pressure and a 

25 flow rate at which the material such as grinding chips 
adhered to the periphery of the grinding wheel may be 
blown out before the material may be next brought into 
contact with a surface, to be ground, of the workpiece. 
[0082] ■ The cooling nozzle 37 and the cleaning noz- 

30 zle 38 are mounted on a single supporting member 62. 
The supporting member 62 is detachably mounted on 
the moving member 61 . 

[0083] A nozzle moving controller 69 includes a ser- 
vomotor controlling section connected to an NC (numer- 

35 ical control) system. The nozzle moving controller 69 
controls a movement of the moving member 61 in a 
direction substantially identical with a first normal line 
K2, to the grinding wheel 8, which is positioned at a first 
predetermined angle 61 away from a reference straight 

40 line K1, perpendicular to the main spindle axis CL, 
passing through the grinding point P1 . 
[0084] The moving member 61 is movable in a 
direction parallel with the main spindle axis CL. as indi- 
cated by a double headed arrow E (see Fig. 3), by oper- 

45 ating the nozzle supporting device 21 . Also, the moving 
member 61 is movable in a plain perpendicular to the 
main spindle axis CL relative to the grinding wheel 8. 
Furthermore, the moving member 61 makes a motion 
for always maintaining the same posture along a prede- 

50 termined plain including the main spindle axis CL. For 
this purpose, the nozzle supporting device 21 has a 
mechanism for moving the moving member 61 in a 
direction parallel with the main spindle axis CL. The 
nozzle supporting device 21 is provided with an arm 

55 swinging mechanism 63a and a parallel link mechanism 
63b, as shown in Figs. 4A and 4B. 
[0085] A swiveling sleeve 64 is fitted around the 
nose portion 31 to be able to swivel round the main 
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spindle 6 so as to center the main spindle axis CL. The 
nozzle supporting device 21 having the moving member 
61 is mounted on the swiveling sleeve 64. The arm 
swinging mechanism 63a and the parallel link mecha- 
nism 63b are mounted on the swiveling sleeve 64. 
[0086] A C-axis driving motor 65 is mounted on the 
head body portion 30. A driving torque of the C-axis 
driving motor 65 is transmitted to a sprocket 67 through 
a speed reducer 66 provided on an output side of the 
motor 65. A chain 68 is laid around the sprocket 67 and 
a sprocket (not shown), on the swiveling sleeve side, 
provided on an outer circumference of the swiveling 
sleeve 64. 

[0087] Accordingly, when the C-axis driving motor 
65 is driven, the swiveling sleeve 64 makes a swiveling 
motion round the C-axis which is concentric with the 
main spindle axis CL, through the speed reducer 66, the 
sprocket 67, the chain 68 and the sprocket of the 
swiveling sleeve side. Thus, the moving member 61 
may be swivelled round the main spindle 6 so as to 
center the main spindle axis CL. 

[0088] As shown in Fig. 4A, an a-axis motor 70 and 
a (3-axis motor 71 are mounted on the swiveling sleeve 
64. Speed reducers (not shown) are provided on output 
portions of the a-axis motor 70 and the p-axis motor 71 , 
respectively. 

[0089] Although a rotational center 01 of the a-axis 
motor 70 and a rotational center 02 of the p-axis motor 
71 are concentric, Fig. 4A depicts as if a position of the 
rotational center 02 were shifted from the rotational 
center 01 , in order to clarify the structure. 
[0090] The arm swinging mechanism 63a is pro- 
vided with a first arm 72. which is swung round the a- 
axis by the a-axis motor 70, and a second arm 73 which 
is swingably coupled with the first arm 72. The second 
arm 73 is swingable round a P-axis. The moving mem- 
ber 61 is swingably coupled with the second arm 73. 
[0091] A transmission mechanism is composed of a 
link mechanism including a link 74, which is swung by 
the |3-axis motor 71 , a link 75 integrally fixed to the sec- 
ond arm 73 and a link 76 for coupling the links 74 and 75 
with each other. 

[0092] Accordingly, when the p-axis motor 71 is 
driven, the second arm 73 swings round the p-axis 
through the links 74, 76 and 75. Namely, the transmis- 
sion mechanism having the links 74, 76 and 75 is pro- 
vided for the purpose of transmitting the driving torque 
of the P-axis motor 71 to the second arm 73. 
[0093] Fig. 4B is a view illustrating the parallel 
movement of the moving member 61 for always main- 
taining the same posture. 

[0094] As shown in Fig. 4B, the first arm 72 and the 
second arm 73 have the parallel link mechanism 63b. 
The first arm 72 is swingable round a rotational center 
03 which is concentric with the above-described rota- 
tional centers 01 and 02. 

[0095] One end of a link 80 is coupled with the rota- 
tional center 03 and the - other end of the link 80 is cou- 



pled with a supporting point H of the swiveling sleeve 
64, respectively. A link 81 is parallel with the first arm 72 
and is coupled with the link 80 at the supporting point H. 
A link 82 is parallel with the link 80 and is coupled with 

5 the first arm 72 and the link 81. 

[0096] Accordingly, a first link mechanism for defin- 
ing a parallelepiped shape is composed of the links 80, 
81 , 82 and the first arm 72. The rotational center 03 and 
the supporting point H are the fixed points on the 

10 swiveling sleeve 64. Accordingly, when the first arm 72 
swings round the rotational center 03 (01), the link 82 
makes a parallel motion for'always maintaining a paral- 
lel condition with the link 80. 

[0097] The link 82 is coupled with the second arm 
15 73. A link 83 is coupled with the link 82 and is parallel 
with the second arm 73. A link 84 is integrally fixed to 
the moving member 61 . The link 84 is coupled with the 
second arm 73 and the link 83. 

[0098] Thus, a second link mechanism for defining 

20 a parallelepiped shape is composed of the links 82, 83, 
84 and the second arm 73. Accordingly, when the sec- 
ond arm 73 swings round the P-axis, the link 84 makes 
a parallel motion for always maintaining a parallel pos- 
ture with the link 82. 

25 [0099] In summing up these operations, even if the 
first and second arms 72 and 73 swing, the moving 
member 61 fixed to the link 84 makes the parallel 
motion for always maintaining the same posture along 
the predetermined plain including the main spindle axis 

30 CL. Incidentally, when the swiveling sleeve 64 is' swivel- 
ling round the main spindle axis CL, the predetermined 
plain which serves as the reference is also changed. 
[0100] The a-axis motor 70 and the B-axis motor 71 
are drivingly controlled in accordance with commands 

35 of the nozzle moving controller 69. Thus, it is possible to 
move the moving member 61 along the above- 
described predetermined plain through the arm swing- 
ing mechanism 63a and the parallel link mechanism 
63b. Namely, the moving member 61 is moved at will in 

40 a radial direction (radial direction of the main spindle 6) 
so as to center the main spindle axis CL, and in the 
direction (indicated by the arrow E in Fig. 3) parallel with 
the main spindle axis CL. 

[0101] Also, as shown in Figs. 3, 4A and 4B, the C- 
45 axis driving motor 65 is drivingly controlled in accord- 
ance with the commands of the nozzle moving control- 
ler 69. Thus, the nozzle supporting device 21 having the 
moving member 61 is swivelled at will within an angular 
range of 360° round the main spindle axis CL. 
so [0102] Accordingly, the cooling nozzle 37 and the 
cleaning nozzle 38 which are mounted on the moving 
member 61 may be moved at any desired position 
within a three dimensional space. 
[0103] As shown in Figs. 5, 6A and 6B, the cooling 
55 nozzle 37 and the cleaning nozzle 38 are mounted on 
the block-like supporting member 62. The supporting 
member'62 is detachably mounted on a mounting por- 
tion 61b provided on a tip end portion 61a of the moving 
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member 61. The supporting member 62 may be 
clamped, and undamped relative to the moving member 
61 by a clamping and unclamping mechanism 86. 
[0104] In the clamping and unclamping mechanism 
86. a hole portion 87 is formed in the moving member 
61. A shaft portion 88 is mounted on the supporting 
member 62. An engagement groove 88b is formed in 
the shaft portion 88. A piston 88c is inserted into a first 
hole portion 61c and a second hole portion 61 d of the 
moving member 61. A large diameter hole portion 88d 
and a small diameter hole portion 88e are formed in an 
inner diameter portion of the piston 88c. 
[0105] Also, a single or a plurality of holes 61f are 
formed in an intermediate shaft portion 61 e of the mov- 
ing member 61. A plurality of ball-like engagement 
members 88a are received in the respective holes 61f to 
be movable in the radial directions. A first cylinder 
chamber 88g and a second chamber 88h are formed 
between the first hole portion 61c of the moving mem- 
ber 61 and the piston 88c. A compression spring 88f is 
assembled into the second chamber 88h. The compres- 
sion spring 88f depresses the piston 88c forwardly. 
[0106] . Accordingly, when compressed air 89 is sup- 
plied into the first cylinder chamber 88g, the piston 88c 
is retracted rearwardly. Then, since the large diameter 
hole portion 88d is moved to a position of the engage- 
ment members 88a, the engagement members 88a 
may be 'moved in the radial directions. This condition is 
an unclamping condition shown in Fig. 68, in which the 
supporting member 62 may be inserted and removed 
relative to the moving member 61. 
[0107] Also, when. the supply of the compressed air 
89 is stopped, the piston 88c is moved forwardly by a 
force of the compression spring 88f. Thus,. the radial 
movements of the engagement members 88a are 
restricted. Namely, the engagement members 88a 
maintain the engagement condition with the engage- 
ment groove 88b of the;shaft portion . 88 of the support- 
ing member 62. This condition is a clamping condition 
shown in Fig. 6A, in which the supporting member 62 is 
clamped to the moving member 61 . 
[0108] Since the supporting member is detachable 
from the moving member 61 , a supporting member 62a 
having a different structure from that of the supporting 
member 62 may be mounted on the moving member 61 
so as to be changed. At least one cooling nozzle (first 
nozzle) 37a and at least one cleaning nozzle (second 
nozzle) 38a are mounted on the other supporting mem- 
ber 62a at counter positions to the mounted positions of 
the cooling nozzle 37 and the cleaning nozzle 38, 
respectively. 

[0109] The changing between the supporting mem- 
ber 62 and the other supporting member 62a to the 
moving member 61 may be automatically performed by 
an automatic nozzle changer (not shown) provided in 
the grinding machine .1 . . . 

[0110] Steps for supplying the coolant in a. good 
condition when the workpiece 7 is ground by the grind- 



ing wheel 8 will now be described. 

[0111] As the grinding wheel 8 grinds the workpiece 
7, the diameter of the grinding wheel 8 gradually 
becomes smaller by the wearing and the dressing of the 

5 grinding wheel 8, and the like. In Fig. 5, a profile of the 
grinding wheel 8 is gradually changed from a diameter 
D1 to a diameter 02. Fig. 5 shows a state in which the 
grinding wheel 8 is relatively moved in a direction of an 
arrow F to the workpiece 7 while the grinding wheel 8 

10 rotates in a direction of an arrow J (clockwise direction 
in Fig. 5). 

[0112] The nozzle supporting device 21 is control- 
led, so that the moving member 61 is moved in corre- 
spondence with the changing diameter of the grinding 

75 wheel 8 in a direction which is substantially identical 
with the first normal line K2 relative to the grinding 
wheel 8. The first normal line K2 is a predetermined nor- 
mal line positioned at a first predetermined angle 91 
away from the reference straight line K1 connecting the 

20 grinding point P1 and the main spindle axis CL. 

[0113] Thus, the cooling nozzle 37 and the cleaning 
nozzle 38 are moved, together with the supporting 
member 62 mounted on the moving member 61, in the 
direction which is substantially identical with the first 

25 normal line K2, as shown by an arrow M. 

[01 14] While the diameter of the grinding wheel 8 is 
changing, by the moving operation of the moving mem- 
ber 61, an injecting outlet port 34 of the cooling nozzle 
37 injects the coolant La to the grinding point.P1 while 

30 the outlet port 34 is always directed in a direction sub- 
stantially identical with a tangential line K3, of the grind- 
ing wheel 8, passing through the grinding point P1. 
Also! while the diameter of the grinding wheel 8 is 
changing, an injecting outlet port 36 of the cleaning noz- 

35 zle 38 injects the coolant Lb to the periphery 8a of the 
grinding wheel 8 while the outlet port 36.. is always 
■ directed in a direction substantially identical with a nor- 
mal line K4 (i.e., a normal line of the grinding wheel 8 in 
an injection point P2 on the periphery 8a) relative to the 

40' grinding wheel 8. 

[0115] Thus, even if the diameter of the grinding 
wheel 8 is changed from the dimension D1 to the 
dimension 02, the coolant La is always injected to the 
grinding point P1 by the cooling nozzle 37, thereby cool- 

45 ing the vicinity of the grinding point P1 without failure 
and thereby making it possible to continuously and sta- 
bly grind. 

[0116] On the other hand, when the diameter of the • 
grinding wheel 8 is changed, an injecting direction of the 

so coolant Lb to be injected by the cleaning nozzle 38 is 
somewhat changed from one side to the other side rel- 
ative to the normal line K4. However, almost all the 
energy possessed with the cleaning coolant Lb acts in 
the direction of the normal line K4. Accordingly, when a 

55 third angle y defined between the injecting direction of 
the coolant Lb and the direction of the normal line K4 is 
within a range of about ±30 degrees, it is possible to suf- 
ficiently clean the grinding wheel 8. 
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[0117] In some cases, In order to perform another 
grinding relative to the workpiece 7, the grinding wheel 
8 is rotated in the opposite direction (counterclockwise 
in Fig. 5) to the direction indicated by the arrow J, and 
the cooling nozzle 37a and the cleaning nozzle 38a 
mounted at the counter positions on the other support- 
ing member 62a are used. 

[0118] In this case, the nozzle supporting device 21 
is controlled, so that the moving member 61 is opera- 
tively swivelled round the main spindle axis CL. as indi- 
cated by an arrow N. Thus, the moving member 61 is 
moved substantially to a position of a second normal 
line K5. The second normal line K5 relative to the grind- 
ing wheel 8 is opposite to the position of the first normal 
line K2 relative to the reference straight line K1 and is 
positioned at a second predetermined angle 62 away 
from.the reference straight line K1. 
[0119] It is preferable that the first predetermined 
angle 01 is about 30 degrees and that the second pre- 
determined angle 82 is about 40 degrees: Incidentally, 
since the first and second predetermined angles 81 and 
82 are affected by the diameter of the grinding wheel 8, 
the profile of the workpiece 7, the condition of the grind- 
ing, the interference with other members, the workpiece 
7. or the like, it is sufficient that the predetermined 
angles 81 and 82 are the desired angles selected from 
a range of 1 5 to 50 degrees. 

[0120] Thereafter, the moving member 61 is moved 
in a direction which is substantially identical with the 
second normal line K5, as indicated by an arrow M1. in 
correspondence with the changing diameter of the 
grinding wheel 8. Thus, an injecting outlet port 34a of 
the cooling nozzle 37a of the counter position injects the 
coolant La to the grinding point P1 while the outlet port 
34a is always directed in a direction substantially identi- 
cal with a tangential line K6, of the grinding wheel 8, 
passing through the grinding point P1. Also, an injecting 
outlet port 36a of the cleaning nozzle 38a of the counter 
position injects the coolant Lb to the periphery 8a of the 
grinding wheel 8 while the outlet port 36a is always 
directed in a direction substantially identical with a nor- 
mal line K7 relative to the grinding wheel 8. 
[0121] The operation of the grinding machine 1 will 
now be described. 

[0122] As shown in Figs. 1 to 6A and Fig. 6B, it is 
assumed that the desired grinding wheel 8 is mounted 
on the main spindle 6 and the dressing device body 1 1 
is retained to the column 4 in the retracted position by 
the retainer means 55, as a result of which the grinding 
wheels are changed between the tool magazine 15 and 
the main spindle 6 by the operation of the tool changing 
arm 16 of the ATC 14. and the like. 
[0123] In the case in which the grinding machine 1 
grinds with continuous dressing (that is, the dresser 12 
.continuously dresses the grinding wheel 8 during grind- 
ing), it is necessary to couple the spindle head 5 and the 
dressing device body 1 1 with each' other. 
[0124] For this reason, first of all, the Y-axis servo- 



motor 35 is driven so that the spindle head 5 is raised up 
to the predetermined coupling position. Then, the cou- 
pling and releasing means 54 is operated, so that the 
spindle head 5 and the dressing device body 11 are 
5 coupled with each other. The retainer means 55 is also 
operated so as to release the piston rod 58 from the 
retainer member 57. 

[01 25] Subsequently, when the Y-axis servomotor 
35 is drivingly controlled, the spindle head 5 and the 

w dressing, device body 11 are moved together in the Y- 
axis direction. When the dresser-axis servomotor 47 is 
driven, the dresser supporting member 45 is moved in 
the V-axis direction through the ball screw and the 
dresser 12 is brought into contact with or out of contact 

is with the grinding wheel 8. 

[0126] When the dresser 12 rotatively driven by the 
dresser rotational driving motor 48 is brought into con- 
tact with the grinding wheel 8, it is possible to dress the 
grinding wheel 8. Since the dresser 12 is supported at 

20 both ends by the dresser supporting member 45, the 
dresser 12 is never separated away from the grinding 
wheel 8 with a load during the dressing. 
[0127] When the grinding with continuous dressing 
is continued, the diameter of the grinding wheel 8 is 

25 gradually decreased. Accordingly, in correspondence 
with this change of the diameter, when the dresser-axis 
servomotor 47 is driven and the dresser supporting 
member 45 is moved toward the spindle head 5, the 
dresser 12 continuously dresses the grinding wheel 8. 

30 [0128] Thus, the spindle head 5 and the dressing 
device body 1 1 are integrally coupled with each other 
and are movingly controlled in the Y-axis direction, and 
the column 4 and the table 13a are movingly controlled 
in the X-axis direction and Z-axis direction, respectively. 

35 Furthermore, the workpiece 7 is rotated and indexed 
round the B-axis and the A-axis by the table 1 3a and the 
index head 27. The main spindle 6 is drivingly rotated. 
Thus, the workpiece 7 is ground by the grinding wheel 8 
while the dresser 12 continuously dresses the grinding 

40 wheel 8. 

[0129] An operation in the case, in which the opera- 
tion is moved to the normal grinding after the above- 
described grinding with continuous dressing, will now 
be described. 

45 [0130] In order to release the coupling between the 
spindle head 5 and the dressing device body 11 away 
from each other, first of all, the Y-axis servomotor 35 is 
drivingly controlled so that the spindle head 5 is moved 
upwardly to a predetermined coupling position in the Y- 

50 axis direction. The piston rod 58 of the cylinder device 
56 of the retainer means 55 is retained to the engage- 
ment member 57. 

[0131] Subsequently, the coupling and releasing 
means 54 is operated to thereby release the coupling 
55 between the dressing device body 1 1 and the spindle 
head 5. Thereafter, the spindle head 5 is moved by the 
Y-axis servomotor 35 down to a position for grinding. 
[0132] Since the dressing device body 1 1 is moved 
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to the upward retracted position to be positioned in 
place, it is possible to grind the workpiece 7 with the 
grinding wheel 8 while the grinding wheel 8 is relatively 
moved round the workpiece 7 as desired. Namely, it is 
possible to grind an entire circumference of the work- 
piece 7. The dressing device body 11 is retained to the 
column 4 by the retainer means 55 in the retracted con- 
dition. This ensures the safety property. 
[0133] The coolant La and Lb are supplied from the 
coolant supply unit 22 by the coolant supply apparatus 
60 while the grinding machine 1 grinds with continuous 
dressing and normally grinds. 

[0134] In order to move the moving member 61 and 
the supporting member 62 on which the cooling nozzle 
37 and the cleaning nozzle 38 are mounted, the C-axis 
driving motor 65, the a-axis motor 70 and the [3-axis 
motor 71 are drivingly controlled in accordance with the 
commands of the nozzle movement controlling device 
69. 

[0135] Thus, it is possible to move the moving 
member 61 in the direction which is substantially identi- 
cal with the first normal line K2 in correspondence with 
the changing diameter of the grinding wheel 8. As a 
result, since the injecting outlet port 34 of the cooling 
nozzle 37 injects the coolant La to the grinding point P1 
while the outlet port 34 is always directed substantially 
in the tangential line K3, of the grinding wheel 8, pass- 
ing through the grinding point P1, it is possible to pre- 
vent the- heat generation while the grinding wheel 8 
grinds . the workpiece 7. Also, it is possible to smoothly 
discharge the grinding chips and grinding debris. 
[0136] Also, the.moving member 61 is moved in the 
direction which is substantially : identical with the first 
normal line K2. so that the injecting outlet port 36 of the 
cleaning nozzle-38 injects the coolant Lb to the periph- 
ery 8a of the grinding wheel 8 while the outlet port 36 is 
always directed substantially in the normal line K4 of the 
grinding wheel 8. 

[0137] Thus, the small amount of grinding chips, 
grinding debris, and the like, which are generated dur- 
ing grinding and are stuck on the periphery 8a of the 
grinding wheel 8 may be brown away to prevent the 
loading chips. Namely, the cutting performance of the 
grinding wheel may be favorably maintained for. a long 
period of time. 

[0138] Incidentally, in the first embodiment, the 
case in which the coolant supply apparatus 60 is pro- 
vided has been explained on the basis of an example of 
the grinding machine 1. which may grind with continuous 
dressing. However, in the present invention, it is possi- 
ble to use a grinding machine which only may normally 
grind except for the grinding with continuous dressing. 
[0139] In the coolant supply apparatus 100 of the 
grinding machine 90 shown in Figs. 7 to 9, a moving unit 
9.1 and a mechanism for moving the moving unit 91 are 
added to the grinding machine according to the first 
embodiment, and the coolant La and Lb are supplied 
while the grinding machine 90 grinds. . 



[0140] Incidentally, the same reference numerals 
are used to indicate the same or like portions or compo- 
nents as those of the first embodiment, and the expla- 
nation therefor will be omitted. Only the explanation 
5 concerning different portions and components will be 
given. 

[0141] In the grinding machine 90 according to the 
second embodiment, it is also assumed that the grind- 
ing wheel 8 is rotated in the direction indicated by the 

10 arrow J. The moving member 61, the supporting mem- 
ber 62, the cooling nozzle 37 and the cleaning nozzle 38 
are disposed in the same manner as in the first embod- 
iment on one side relative to the grinding point P1. The 
moving unit 91 is provided on the other side to be mov- 

15 able relative to the grinding point P1. 

[0142] The injecting outlet port of the cooling nozzle 

37 injects the coolant La to the grinding point P1 to cool 
down it while the outlet port is always directed in the 
direction substantially identical with the tangential line, 

20 of the grinding wheel 8, passing through the grinding 
point P1. The injecting outlet port of the cleaning nozzle 

38 injects the coolant Lb to the periphery of the grinding 
wheel 8 while the outlet port is always directed in the 
direction substantially identical with the normal line of 

25 the grinding wheel 8. Incidentally, while the grinding 
- machine 90 grinds with continuous dressing, it is possi- 
ble to dispense with the cleaning nozzle 38. 
[01.43] At least one auxiliary cooling nozzle 92 is 
provided on the moving unit 91 and is disposed in a 

30 . position facing the cooling nozzle 37. The moving unit 
91 ' moves in an opposite direction (indicated by an 
arrow G2) to a moving direction (indicated by an arrow 
G1) of the dresser supporting member 45, and moves 
with the. same moving amount as that of thedresser 

35 supporting member 45. 

[0144] The auxiliary cooling nozzle 92 is a nozzle 
for cooling the grinding point P1 with an assistance. For 

^ this reason, an injecting outl.et port of the auxiliary cool- 
ing nozzle 92 injects the coolant La to the grinding point 

40 P1 substantially in an opposite direction to the cooling 
nozzle 37 while the outlet port' is always directed in a 
direction substantially identical with the tangential line, 
of the grinding wheel 8. passing through the grinding 
point P1. 

45 [0145] A guide rail 93 is mounted on the dressing 
. , device body 1 1. At least one slide block 94 is engaged 
with the guide rail 93 to be movable up and down. The 
slide block 94 and a first rack 95 are fixed to a planar 
mounting member 96. 

so [0146] A pinion 97 is rotatably mounted on the 
dressing device body 11. A second rack 98 is fixed to 
the dresser supporting member 45. The first rack 95 
and the second rack 98 are disposed in parallel with 
each other to sandwich the pinion 97. Accordingly, the 

55 .first rack 95 is moved in an opposite direction to the 
. . moving direction of the. second rack 98, and is moved 
with the same moving amount as that of the second 
rack 98. 
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[0147] A nozzle supporting member 99 is mounted 
on the mounting member 96 to be directed in the up- 
and-down direction (V-axis direction). The auxiliary 
cooling nozzle 92 is detachably mounted on a lower end 
portion of the nozzle supporting member 99. 5 
[0148] The moving unit 91 for moving the auxiliary 
cooling nozzle 92 up and down is constituted of the 
mounting member 96, the slide block 94, the first rack 
95 and the nozzle supporting member 99. 
[0149] In this embodiment, the auxiliary cooling 10 
nozzle 92 is moved in the opposite direction to the mov- 
ing direction of the dresser supporting member 45, and 
is moved with the same moving amount as that of the 
dresser supporting member 45. Thus, even if the diam- 
eter of the grinding wheel 8 is gradually decreased, the 15 
injecting outlet port of the auxiliary cooling nozzle 92 is 
always directed substantially in the direction of the tan- 
gential line, of the grinding wheel 8, passing through the 
grinding point P1. Then, the coolant La may always be 
injected to the grinding point P1 by the auxiliary cooling 20 
nozzle 92. 

[0150] Thus, it is possible to inject the coolant La 
with the cooling nozzle 37 to the grinding point P1 in a 
rotational direction (indicated by the arrow J) of the 
grinding wheel 8 and at the same time to inject the cool- 25 
ant La to the grinding point P1 with the auxiliary cooling 
nozzle 92 substantially in the opposite direction to the 
injecting direction of the cooling nozzle 37. 
[0151] As a result, it is possible to effectively pre- 
vent the heat generation in the vicinity of the grinding 30 
point P1 while the grinding wheel 8 grinds the work- 
piece 7. For example, it is possible to favorably perform 
the grinding in which the heat generation is remarkable 
such as a creep feed grinding. Also, the grinding chips 
may be smoothly discharged. Incidentally, it is possible 35 
to apply the idea of the second embodiment to the case 
in which the grinding wheel 8 is rotated in an opposite 
direction to the arrow J. 

[0152] As described in the first and second embod- 
iments, when the workpiece 7 and the grinding wheel 8 40 
are moved relative to each other iri a three dimensional 
space so as to grind the' workpiece 7, the grinding point 
P1 is changing in the three dimensional space. The 
diameter of the grinding wheel 8 is gradually decreased 
by the grinding, and the length of the grinding wheel 8 in 45 
the axial direction is various. Accordingly, the grinding 
point P1 is also changing in the three dimensional 
space. 

[0153] In such a case, since a movable range of the 
moving member 61 is large according to the present 50 
invention, it is possible to always inject the coolants La 
and Lb to the grinding point P1 and the periphery 8a, 
respectively, < at desired positions in the three dimen- 
sional space. 

[0154] Also, when the cooling nozzle 37a and the 55 
cleaning nozzle 38a which are located in the counter 
positions to the cooling nozzle 37 and the cleaning noz- 
zle 38 are used, it is possible to always inject the coolant 



La to the grinding point P1 from the other direction with- 
out failure and also to clean the periphery 8a with the 
coolant Lb. 

[0155] According to the present invention, the heat 
generated at the grinding point P1 is sufficiently cooled 
down by the coolant La, and the periphery 8a of the 
grinding wheel 8 is cleaned by the coolant Lb so that the 
loading chips on the grinding wheel 8 may be pre- 
vented. Accordingly, it is always possible to stably grind. 
It is possible to enhance the grinding efficiency (i.e., 
removal rate of the grinding chips) at least several tens 
of times (for example,, hundred times or more) larger 
than that of the prior art. Also, it is possible to prolong 
the tool life of the grinding wheel. In particular, the 
present invention is effective in the case of the creep 
feed grinding. 

[0156] Incidentally, the same reference numerals 
are used to indicate the like parts or the same parts 
throughout the drawings. 

Claims 

1. A method for supplying coolant (La, Lb) in a grind- 
■ ing machine (1 , 90), while said grinding machine (1, 

90) grinds, which grinds a workpiece (7) by rotating 
a grinding wheel (8) mounted on a main spindle (6) 
and by relatively moving the workpiece (7) and the 
grinding wheel (8) along at least three mutually 
transverse axes (X, Y, Z) including a direction paral- 
lel with an axis (CL) of the main spindle, said 
method characterized by comprising the following 
steps of: 

mounting on a moving member (61) at least 
one first nozzle (37), for cooling a grinding point 
(P1 ) at which the grinding wheel (8) grinds the 
workpiece (7), and at least one second nozzle 
(38) for cleaning a periphery (8a) of the grind- 
ing wheel (8); and 

moving said moving member (61) in a direction 
substantially identical with a first normal line, 
relative to the grinding wheel (8), which is posi- 
tioned at a first predetermined angle away from 
a reference straight line (K1) passing through 
the grinding point (P1) and being perpendicular 
to the axis (CL) of the main spindle, 
whereby said first nozzle (37) injects said cool- 
ant (La) with an injecting outlet port (34) 
directed in a direction substantially identical 
with a tangential line (K3), of the grinding wheel 
(8), passing through the grinding point (P1), 
and 

said second nozzle (38) injects said coolant 
(Lb) with an injecting outlet port (36) directed in 
a direction substantially identical with a normal 
line relative to the grinding wheel (8). 

2. The method for supplying coolant in a grinding 
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machine according to claim 1, 
wherein said moving member (61) is movable in 
correspondence with a change of a diameter of the 
grinding wheel (8), and 

5 

while the diameter of the grinding wheel (8) is 
changing, said injecting outlet port (34) of said 
first nozzle (37) is always directed in the direc- 
tion substantially identical with the tangential 
line, of the grinding wheel (8). passing through 10 
the grinding point (P1), and said injecting outlet 
port (36) of said second nozzle (38) is always 
directed in the direction substantially identical 
with the normal line relative to the grinding 
wheel (8). J5 

3. The method for supplying coolant in a grinding 
machine according to claim 1 or 2, wherein said 
moving member (61) is movable in a direction par- 
allel with the axis (CL) of the main spindle. 20 

4. The method for supplying coolant in a grinding 
machine according -to any one of claims 1 to 3, 
wherein said moving member (61) swivels round 

the axis (CL) of the main spindle. 25 

5. The method for supplying coolant in a grinding 
machine according to any one of claims 1 to 4, 
wherein said first nozzle (3.7) and said second noz- 
zle (38) are mounted, on a single supporting mem- 30 ■ 
ber (62) which is detachably mounted - on said 
moving member (61). 

6. The method for supplying coolant in a grinding 
machine according to claim 5, 35 
wherein said supporting member (62) is possible to 

be changed for another supporting member (62a), 



at least one first nozzle (37a) and at least one 
second nozzle (38a) are respectively mounted 40 . 
on said last-mentioned other supporting mem- 11 
ber (62a) at counter positions to the mounting 
positions of said first nozzle (37) and said sec- 
ond nozzle (38) on said first-mentioned sup- 
porting member, and 45 
said other supporting member (62a) is detach- 
ably mounted on said moving member (61). 

7. The method for supplying coolant in a grinding 

machine according to claim 6, so . 

wherein, after said moving member (61) is opera- 
tive^ swivelled round the axis (CL) of the main spin- 
dle so that said moving member (61) is moved to a 
position of a second normal line, relative to the 
grinding wheel (8)., which is opposite to the position 55 
of the first normal line relative to the reference 
straight line (K1) and is positioned at a second pre- 
determined angle away from the reference straight 



line (K1), said moving member (61) is moved in a 
direction substantially identical with the second nor- 
mal line, 

whereby said first nozzle (37a) in the counter posi- 
tion injects said coolant (La) with an injecting outlet 
port (34a) directed in a direction substantially iden- 
tical with a tangential line, of the grinding wheel (8), 
passing through the grinding point (P1), and 

said second nozzle (38a) in the counter posi- 
tion injects said coolant (Lb) with an injecting 
outlet port (36a) directed in a direction substan- 
tially identical with a normal line relative to the 
grinding wheel (8). 

8. The method for supplying coolant in a grinding 
machine according to any one of claims 1 to 7. 
wherein said first predetermined angle is selected 
from a range of 15 to 50 degrees. 

9. The method for supplying coolant in a grinding 
machine according to any one of claims 1 to 8, 
wherein said coolant (La) having a predetermined 
pressure at a predetermined flow rate is supplied to 
said first nozzle (37, 37a) for cooling the grinding 
point (P1), and 

said coolant (Lb) having a higher pressure than 
the predetermined pressure is supplied for 
cleaning to said second nozzle (38, 38a) at a 
smaller flow rate than the predetermined flow 
rate. 

10. The method for supplying coolant in a grinding 
machine according to any one of claims 1 to 9, 
wherein said moving member (61) makes a motion 
for always maintaining the same posture along a 
predetermined plain including the axis (CL) of the 
main. spindle. 



. The method for supplying coolant in a grinding 
machine according to any one of claims 1 to 10, 
.wherein said grinding machine (1, 90) comprises a 
dresser supporting member (45) which rotatably 
supports at least one dresser (12) for dressing the 
grinding wheel (8), the dresser supporting member 
(45) is relatively movable to the main spindle (6) in 
at least one direction perpendicular to the axis (CL) 
of the main spindle, 

wherein said grinding machine (1, 90) is able to 
grind with continuous dressing in which an opera- 
tion of dressing the grinding wheel (8) with the 
dresser (12) and an operation of grinding the work- 
piece (7) with the grinding wheel (8) are simultane- 
ously performed, 

wherein said coolant (La) is injected in the direction 
substantially identical with the tangential line while 
said grinding machine (1, 90) grinds with continu- 
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ous dressing, and 

said coolant (Lb) is injected in the direction 
substantially identical with the normal line while 
said grinding machine (1 . 90) grinds with con- 5 
tinuous dressing. 

12. A method for supplying coolant in a grinding 
machine (90), while said grinding machine (90) 
grinds, which grinds a workpiece (7) by rotating a 10 
grinding wheel (8) mounted on a main spindle (6) 
and by relatively moving the workpiece (7) and the 
grinding wheel (8) along at least three mutually 
transverse axes (X. Y, Z) including a direction paral- 
lel with an axis (CL) of the main spindle, a dresser is 
supporting member (45) for rotatably supporting at 
least one dresser (12) for dressing the grinding 
wheel (8) being moved relative to the main spindle 

(6) in at least one direction perpendicular to the axis 
(CL) of the main spindle, said method characterized 20 
by comprising the following steps of: 

at least one cooling nozzle (37) for cooling a 
grinding point (P1) at which the grinding wheel 
(8) grinds the workpiece (7) injects said coolant 25 
(La) with an injecting outlet port always 
directed in a direction substantially identical 
with a tangential line, of.the grinding wheel (8), 
passing through the grinding point (P1); 
at least one auxiliary cooling nozzle (92) for 30 
cooling the grinding point (P1) with an assist- 
ance is provided on a moving unit (91), which 
moves in an opposite direction to a moving 
direction of the dresser supporting member 
(45) and moves with the same moving amount 35 
as that of the dresser supporting member (45), 
and said auxiliary cooling nozzle (92) is located 
at a position facing said cooling nozzle (37); 
and 

an injecting outlet port of said auxiliary cooling 40 
nozzle (92) is always directed in a direction 
substantially identical with the tangential line, 
of the grinding wheel (8), passing through the 
grinding point (P1), and injects said coolant 
(La) to the grinding point (P1) from a substan- 45 
. tially opposite direction to said cooling nozzle 
(37). 

13. An apparatus (60, 100) for supplying coolant in a 
grinding machine (1. 90) which grinds a workpiece so 

(7) by rotating a grinding wheel (8) mounted on a 
main spindle (6) and by relatively moving the work- 
piece (7) and the grinding wheel (8) along at least 
three mutually transverse axes (X, Y, Z) including a 
direction parallel with an axis (CL) of the main spin- ss 
die, said apparatus characterized by comprising: 

a moving member (61) provided on a spindle 



head (5) for rotatably supporting the main spin- 
dle (6). said moving member being movable in 
a plain perpendicular to at least the axis (CL) of 
the main spindle relative to the grinding wheel 

(8); 

at least one first nozzle (37) provided on said 
moving member (61) with an injecting outlet 
port (34) directed in a direction substantially 
identical with a tangential line, of the grinding 
wheel (8), passing through a grinding point 
(P1), for cooling the grinding point (P1) at 
which the grinding wheel (8) grinds the work- 
piece (7); 

at least one second nozzle (38) provided on 
said moving member (61) with an injecting out- 
let port (36) directed in a direction substantially 
identical with a normal line relative to the grind- 
ing wheel (8), for cleaning a periphery (8a) of. 
the grinding wheel (8); and 
a nozzle moving controller (69) for controlling 
the movement of said moving member (61) in a 
direction substantially identical with a first nor- 
mal line, relative to the grinding wheel (8), 
. which is positioned at a first predetermined 
angle away from a reference straight line (K1) 
passing through the grinding point (P1 ), the ref- 
erence straight line (K1 ) being perpendicular to 
the axis (CL) of the main spindle. 

14. The apparatus for supplying coolant in a grinding 
machine according to claim 13, wherein said first 
nozzle (37) and said second nozzle (38) are 
mounted on a single supporting member (62) which 
is detachably mounted on said moving member 
(61). 

.15. The apparatus for supplying coolant in a grinding 
machine according to claim 13 or 14, 
wherein a nozzle supporting device (21) having 
said moving member (61) is mounted on the spin- 
dle head (5), and 

said nozzle supporting device (21) has a mech- 
anism for moving said moving member (61) in a 
direction parallel with the axis (CL) of the main 
spindle. 

16. The apparatus for supplying coolant in a grinding 
machine according to claim 15, 
. wherein said mechanism for moving said moving 
member (61) in a direction parallel with the axis 
(CL) of the main spindle comprises an arm swing- 
ing mechanism (63a) and a parallel link mechanism 
. (63b), and 

said moving- member (61) makes a motion for 
always maintaining the same .posture along a 
predetermined plain including the axis (CL) of 
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the main spindle. 



17. 



The apparatus for supplying coolant in a grinding 
machine according to any one of claims 13 to 16 
wherein a swiveling sleeve (64) is fitted around the 
spindle head (5) to be able to swivel round the main 
spindle (6) so as to center the axis (CL) of the main 
spindle, and a nozzle supporting device (21) having 
said moving member (61) is mounted on said 
swiveling sleeve (64), 

wherein, when a driving motor (65) is driven so that 
sa,d swiveling sleeve (64) makes a swiveling 
motion, said moving member (61). is swivelled 
round the main spindle (6) so as to center the axis 
(CL) of the main spindle. 
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The apparatus for supplying coolant in a grinding 
machine according to any one of claims 1 3 to 1 7 
wherein said grinding machine (1 , 90) comprises a 
dresser supporting member (45) which rotatably 20 
supports at least one dresser (12) for dressing the 
grinding wheel (8), the dresser supporting member 
(45) is relatively movable to the main spindle (6) in 
at least one direction perpendicular to the axis (CL) 
of the main spindle, 25 
wherein said grinding machine (1, 90) is able to 20 
grind with continuous dressing in which an opera- 
tion of. dressing the grinding wheel (8) with the 
dresser (12) and an operation of grinding the work- 
piece (7) with the grinding wheel (8) are simultane- 30 
ously performed, 

wherein said first nozzle (37) injects said coolant 
(La) in the direction substantially identical with the 
tangential line while said grinding machine (1, 90) 
grinds with continuous dressing, and 35 ■ 

said second nozzle (38) injects said coolant 
(Lb) in the direction substantially identical with 
the normal line while said grinding machine (1, 
90).grinds with continuous dressing. ' 40 

• An apparatus (100) for supplying coolant in a grind- 
ing machine (90) which grinds a workpiece (7) by 
rotating a grinding, wheel (8) mounted on a main 
spindle (6) and by relatively moving the workpiece 45 
(7) and the grinding wheel (8) along at least three 
mutually transverse axes (X. Y, Z) including a direc- 
tion parallel with an axis (CL) of the main spindle, a 
dresser supporting member (45) for rotatably sup- 
porting at least one dresser (12) for dressing the so 
grinding wheel (8) being moved relative to the main 
spindle (6) in at least one direction perpendicular to 
the axis (CL) of the main spindle, said apparatus 
characterized by comprising: 



cooling nozzle (37) injecting said coolant (La) 
with an injecting outlet port always directed in a 
direction substantially identical with a tangen- 
tial line, of the grinding wheel (8), passing 
through the grinding point (P1); 
a moving unit (91) for moving in an opposite 
direction to a moving direction of the dresser 
supporting member (45) and for moving with 
the same moving amount as that of the dresser 
supporting member (45); and 
at least one auxiliary cooling nozzle (92) for 
cooling the grinding point (P1) with an assist- 
ance, said auxiliary cooling nozzle (92) being 
provided on said moving unit (91) and being 
located at a position facing said cooling nozzle 
(37), 

wherein an injecting outlet port of said auxiliary 
cooling nozzle (92) is always directed in the 
direction substantially identical with the tangen- 
tial line, of the grinding wheel (8). passing 
through the grinding point (P1), and injects said 
coolant (La) to the grinding point (P1) from a 
substantially opposite direction to said coolinq 
nozzle (37). 

. The apparatus for supplying coolant in a grinding 
machine according to claim 19," 
wherein said apparatus (100). for supplying coolant 
further comprising a cleaning nozzle (38). 
wherein an injecting outlet port of said cleaning 
nozzle (38) is always directed in the direction sub- 
stantially identical with the normal line of the grind- 
ing wheel (8). so that said injecting outlet port of 
said cleaning nozzle (38) injects said coolant (Lb) to 
a periphery (8a) of the grinding wheel (8). 



at least one cooling nozzle (37) provided for 
cooling a grinding point (P1) at which the grind- 
ing wheel (8) grinds the workpiece (7), said 



55 



15 



EP 1 063 058 A2 



FIG. 1 




16 



EP 1 063 058 A2 




17 



EP 1 063 058 A2 



FIG : 3 




18 



BP i 063 058 A2 



FIG. 4A 



pNC 



69 



NOZZLE MOVING CONTROLLER 




62 , v4o 



FIG. 4B 




63b 



19 



EP 1 063 058 A2 




20 



EP 1 063 058 A2 



FIG. 6A 




21 



EP 1 063 058 A2 




22 



EP 1 063 058 A2 



FIG. 8 




TH/S PAGE BLANK 



(USPTO) 



